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A tutorial on how to use open-source software, the ORFEO application in QGIS and remotely-
sensed satellite data to perform object-oriented classifications.

By: Miguel A. Pavon, MAP
for

Desert Landscape Conservation Cooperative

For help or information on classifications, OTB or QGIS, please keep the online help as reference:
. https://www.orfeo-toolbox.org/documentation/
. https://www.qggis.org/en/site/forusers/index.html

Additional help may be provided by contacting Miguel Pavon at pavonma@hotmail.com or (512) 466-3936.
Suggested citation: Pavon, Miguel A., Instructions for Open Source Object Oriented Classification, 2017.
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Instructions for Open Source Object Oriented Classification

This set of instructions was compiled by Miguel A. Pavon, MAP, working with Bird Conservancy of the
Rockies for the Desert Landscape Conservation Cooperative (DLCC). The rationale behind it is to make
available a tutorial for land cover classification that is based on easily accessible data and tools that
everybody can use to improve conservation, planning and land management practices. Object-oriented
image classification involves identification of image objects, or segments, which are composed of
neighboring (spatially contiguous) pixels of similar spectral content (color). The case in hand uses open-
source QGIS software, the ORFEO application in QGIS and remotely-sensed, satellite data from Landsat
made available by USGS via Earth Explorer.

This tutorial is broken into three sections, the first is the installation of QGIS software, second is the data
download (Landsat) from Earth Explorer and lastly instructions on how to use ORFEO within QGIS to
perform an object-oriented classification on the Landsat image.

QGIS is a Geographic Information System that runs in multiple platforms, making it ideal for new users
and stakeholders of the DLCC to use within the region. It is user-friendly and well-documented, although
it has a great variety of tools which can make it look challenging, but the more time you spend using it,
the more intuitive it gets.

Earth Explorer is a website-based system to query and order satellite images, aerial photographs and
other geographic and cartographic products through the U.S. Geological Survey. The user can specify a
search criteria, select datasets, and browse the results before downloading the image(s) and product(s)
needed for their research.

ORFEO stands for Optical and Radar Federated Earth Observation and is commonly downloaded as a
toolbox that can be used within QGIS. One of the advantages is that it allows object based image
analysis and classification.

We thank DLCC for making funds accessible for this project and facilitating webinars, Bird Conservancy
of the Rockies for managing the project, QGIS and ORFEO teams for their collaboration on making open-
source software integrated and available and USGS for supporting data collection and dissemination on
the Earth Explorer User Interface.

1. Download and install QGIS software for your platform

1.1 Download QGIS Software

Open your browser and navigate to: https://www.qgis.org/en/site/forusers/download.html or
https://www.ggis.org/es/site/forusers/download.html (en Espafiol)

You will notice the current version, date of release, and that QGIS is available on Windows, MacOS X,
Linux and Android in several languages. In this example, we will work with a Windows 64 bit installation,
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but you can pick and choose what is most appropriate for your needs. There are two options: the latest
release (newer tools, but also the “opportunity” to discover bugs) or the long term release, which is
more stable. Instead of taking the more conservative path with the long-term release for 64 bit, we will
select the advanced users option: OSGEO4W Network Installer (64 bit) near the bottom of the
Downloads for Windows that includes the Orfeo Tool Box (OTB).

414 (LTR) English

DISCOVER QGIS FOR USERS GET INVOLVED DOCUMENTATION _

INSTALLATION DOWNLOADS ALL RELEASES SOURCES

Download for Windows v

Latest release (eg. for Hew Users):

& ‘ '“.\‘ QGIS Standalone Installer Version 2.18 (32 bit) B
md5 &
& ‘ '“.\‘ QGIS Standalone Installer Version 2.18 (64 bit) B
md5 -

Long term release (eg. for corporate users):

& ‘ '“.\‘ QGIS Standalone Installer Version 2.14 (32 bit) B
md5 -
& ‘ '“.\‘ QGIS Standalone Installer Version 2.14 (64 bit) a
md5 -

For Advanced Users:

& \_‘ 05Geod\W Network Installer (32 bit) -

05Geod\VW Network Installer (64 bit) -

In the installer choose Desktop Express Install and select QGIS to install the latest release.

To getthe long term release choose Advanced Install and select ggis-itr-full e

Download the software and start the installation.

1.2 Install QGIS Software

Click “Advanced Install” and then Next to continue.

Choose to install from Internet (each component will be chosen and then downloaded individually from
the repository). Click Next.
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(@) Install from Intemet
j{downloaded files will be kept for future re-usef

() Download Without Instaling

() Install from Local Directory

Select the root directory for the installation, and choose the option to install the software with

availability for all users. If you want to create an icon on the Desktop and to add it to the Start menu,
choose this option as well, click Next.

"% 0SGeodW Setup - Choose Installation Directory - m} H
Select Root Install Directory Ay
Select the directory where you want to install 05GeodW. Also choose a K2
few installation parameters. -
Root Directory
[c:0sGeoswes SRR
Install For

(®) All Users {(RECOMMENDED)
05GeodW will be available to all users of the system.

() Just Me [ Add icon to Start Menu

05GeodW will only be avaiable to the cument user. Only
select this if you lack Admin. privileges or you have specific
needs.

If needed navigate to the Local Package Directory, then click Next.

= 05GeodW Setup - Select Local Package Directory - m} x

Select Local Package Directory AT
Select a directory where you want Setup to store the installation files it
downloads. The directory will be created if it does not already exist.

¥

Local Package Directory
NUsers\WiguelAppData\LocalTemp | Bowse..

Start menu name:

|oseeaaw |

< Back Next > Cancel

Select Direct Connection, click Next.
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"% 0SGeodW Setup - Select Connection Type - [m} X

Select Your Intemet Connection A
Setup needs to know how you want it to connect to the intemet. Choose X
the appropriate settings below.

Ol
(0) Use |ES5 Settings
(0 Use HTTP/FTF Prosy:

Proxy Host

Port 80

Click on the available download site, click Next.

% 05GeodW Setup - Choose Download Site(s) — O *

Choose A Download Site A
Choose a site from this list, or add your own sites to the list X

*

Available Download Sites:

User URL: ‘ Add

< Back Next > Cancel

Select Packages

% 0SGeodW Setup - Select Packages — [m| X

Select Packages A
Select packages to instal X

P E— Otew Obm®mn Ot [Wow] comoy

Category Cument MNew B S Size Package
E1 All ¥ Default

Commandiine_Ltiities £¥ Default

Desktop 4¥ Default

Libs &¥ Default

Web £ Default

< >

Hide obsolete packages

< Back Next > Cancel

From the package selection page, expand the Desktop section and click just once on “Skip” for at least
the following packages such that it shows the latest version number where it used to say “Skip”:

e grass: GRASS GIS — stable release

e qgis: QGIS Desktop

e qggis-full: QGIS Full Desktop (meta package for express install)
e saga: SAGA System for Automated Geographical Analysis

Other packages with versions shown in the screenshot but not circled in red will automatically be
added when you come to the later step where you select “Install these packages to meet
dependencies.”
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0SGeo4W Setup - Select Packages = =

Select Packages A
Select packages to install K2
Search Clear (OKeep (OPrev VCur OB View = Category
Category New B.. S.. Size Package o)
B All € Default
Commandline_Utilities €¥ Default
[E] Desktop &¥ Default
&¥ Skip nfa  nja 198k alkisimport: norGIS ALKIS Import
£¥ Skip nfa_ nfa 586k sbabelfe: GPSBabel GUI Frontend
7.2041 nfa 53,841k grass: GRASS GIS - stable releas;>
&¥ Skip nfa  nja 58,968k grass-daily: GRASS GIS - daily builds of development version
£¥6435 O 25,320k grass6: GRASS GIS - old stable release
&¥ Skip nfa  nfa 160k osg-bin: OpenSceneGraph (executables)
&¥ Skip nfa  nja 951k osgearth-bin: OSG Earth (executables)
&¥ Skip nfa  nja 3,943 otb-monteverdi: Monteverdi - Desktop application based on Orfeo ToolBox
&¥ Skip nfa  nfa 1k otb-monteverdi2: Monteverdi2 - Desktop application based on Orfeo ToolBox (DEPRECATED)
@2 nja 44 644k qgis: QGIS Desktop
&¥ Skip nfa  nja 52,818k qgis-dev: QGIS nightly build of the development branch
£¥ Skip nfa  nfa 225,800k qgis-dev-pdb: Debugging symbols for QGIS nightly build of the development branch
@‘I nfa 1k qgisfull: QGIS Full Desktop {meta package for express@
&¥ Skip nfa  nja 1k qgisfull-rel-dev: QGIS nightly build of the latest release branch (metapackage with additional depenc
£¥ Skip nfa  nfa 32,326k qgistr: QGIS Desktop (ong tem release)
&¥ Skip nfa  nja 50,645 qgistr-dev: QGIS nightly build of the long temm release branch
&¥ Skip nfa  nja 138,846k qgisdtr-dev-pdb: Debugging symbols for QGIS nightly build of the long term release branch
£¥ Skip nfa  nfa 1k qgisdtrdfull: QGIS Full Desktop {meta package: long tem release)
&¥ Skip nfa  nfa 67.727% qgis+el-dev: QGIS nightly build of the release branch
&¥ Skip nfa  nja 151,830k qgis+el-devpdb: Debugging symbols for QGIS nightly build of the release branch
@ nfa 35,177 saga: SAGA System for Automated Geographical AnafysD
£2311 O 9,233 sagadtr: SAGA (System for Automated Geographical Analyses; longtem release)
&¥ Skip nja  nfa 2,12% tora: database management GUI.

Then expand the Libs section to verify there is a check to install (Keep) Orfeo Tool Box (OTB) at least:

otb-bin: Orfeo Toolbox application modules

e otb-ice: Python access layer to Orfeo Toolbox applications

e otb-python: Python access layer to Orfeo Toolbox applications

e pyspatialite: Python interface to SQLite 3 + Spatialite

o python-numpy: Num Py: Array processing for numbers, strings, records and objects
e python-rpy2: python bindings to R 3.0.2

e python-scipi: Scientific library for Python

e python-shapely: Geospatial geometries, predicates, and operations for Python.

If space is not a limiting factor, you may consider a complete installation. The Install All option will also
take longer time to download and install. Click on the above screen under “Category” immediately to
the right of “All” the revolving arrows, and cycle through the iterations until the “Install” option is next
to All. This will install all the options guaranteeing that you have ORFEO Tool Box and all the other tools
available at the time of the release, you can skip to the end of this chapter if you choose to go with a
complete installation, otherwise continue through the options.
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0OSGeo4W Setup - Select Packages

- o N

Select packages to install =
Search | || Cear | Okeep OPrev Cur  OBEp | View | Category
Category New B.. S.. Size Package 2
£¥3.201 O 252  libsvm: libsvm
4032 O 2517 libtiff: A library for manipulating TIFF format image files {runtime)
&¥ Skip nfa  nja 11k  libxdr: XDR library (Development)
239141 O 734k libxml2: An XML read/write library
13141 O 5,554k matplotlib: Python plotting package
£¥ Skip nja  nja 4k msinttypes: msinttypes
£101-8 nfa 813k msvert: Microsoft Visual C/C++ Runtimes
1001 nja 48524 msvert2008: Microsoft Visual C/C++ 2008 Runtimes
1001 nfa 5551k  msvert2010: Microsoft Visual C/C++ 2010 Runtimes
1001 nfa 606k msvert2012: Microsoft Visual C/C++ 2012 Runtimes.
& 1.0041 nfa 6,865k msvert2013: Microsoft Visual C/C++ 2013 Runtimes
£&1.01 nfa 14,097k msvert2015: Microsoft Visual C/C++ 2015 Runtimes
22341 O 454k muparser: muParser
£¥3.051 O 78% muparsenc: muParserX
&43041 O 1,606k netcdf: The NetCDF library and commands for reading and writing NetCDF format
18141 O 855k networkx: Python package for creating and manipulating graphs and networks
&¥ Skip nfa  nfa 613k nitro: NITRO: C/C++ library for NITF manipulation
£121.01.01 O 45,691k oci: Oracle Instant Client
£¥ Skip nja  nja 347 oci-devel: Oracle Instant Client (Development)
£320011 O 223k ogdi: OGDI data access library {mainly for VPF reading)
£¥ Skip nfa  nja 36k ogdi-devel: OGDI data access library (Development)
&241141 O 12,633k opencv: OpenCV
&¥ Skip nfa  nja 244 openfyba: OpenFYBA library
£&200-2 nfa 101k openjpeg: OpenJPEG
& 1021 nfa 1.156k openssl: OpenSSL Compression Runtime
&¥ Skip nfa  nfa 31%  openssl-devel: OpenSSL Compression Development Files
&¥ Skip nfa  nja 1.001k osg-dev: OpenSceneGraph (development)
&31.71 O 9,038 osgdibs: OpenSceneGraph (ibraries)
&¥ Skip nfa  nja 734k osgearth-dev: OSG Earth (development)
£&271 O 6,984k osgearthdibs: OSG Earth {ibraries)
£¥1.8.16-22302-1 nja 9.370k ossim: Ossim
.0.0-20150630-1 O 110,765k otb-bin: Ofeo Toolbox application modules
£¥0.3.0-20150630-1 O 673k otb4ce: Python access layer to Orfeo Toolbox applications
5.0.0-20150630-1 O 1,506k otb-python: Python access layer to Orfeo Toolbox applicatiol
£014.01 nfa 95k owslib: OGC Web Service utility library
&¥ Skip nfa  nja 71,033k pcl: The PCL library.
&¥ Skip nfa  nja 5441k pdal: PDAL: Point Data Abstraction Library
342 O 6% pdcurses: PDCurses (MinGW built)
&¥ Skip nfa  nja 21k pdcurses-devel: PDCurses (Development)
£¥ Skip nja  nja 100k points2grid: points2grid: Basic interpolation of LAS point cloud data
4531 O 548k proj: The PROJ 4 library and commands for coordinate system transformations.
&1.01 nfa 38k  projbeta2007: Geman grid file (Bundeseinheitliche Transformation fur ATKIS® (Be TA2007))
£&151 nfa 2,650k proj-datumgrid: Assorted PROJ.4 datum grid shift files
&1.01 nja 240k projhpgn: PROJ.4 HPGN (HARN) grid shift files
&1.01 nfa 47937 proj-vdatum: Assorted PROJ 4 vertical datum shift files e
< >
Hide obsolete packages
<Back | Net> | | Cancel |
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0SGeo4W Setup - Select Packages - o

Select Packages

Select packages to install

Search | || Clear | OKeep OPrev®Cur OBp | View | Category
Category New B.. S.. Size Package (o
£&2511 O 130k psycopg2: Python-Postgre SGL Database Adapter
¥ Skip nfa  nfa 922 pyexiv2: a python binding to exiv2
£¥161 O 871k pygments: pygments - syntax highlighting package written in Python
£3071 O 44k pyodbce: Python interface to ODBC
430141 O 830k pyopengl: The Python OpenGLA® Binding
£&2181 nfa 46k pyparsing: Python parsing module
41021 O 3.897k pyqt4: Python bindings for Qt4.
& Skip nfa  nja 4,646k pyqt5: Python bindings for Gt5.
&4102:2 O 569 pyqwt5: Python bindings for qwt5
< &30 O 58k pyspatialite: Python interface to SQLite 3 + Spatialte >
£¥26.01 nja 186k python-dateutil: Extensions to the standard Python datetime module
£¥ Skip nfa  nja 128k python-devel: Python library and header files
042 nfa 12k pythonfuncsigs: Python function signatures from PEP362 for Python 2.6, 2.7 and 3.2+
£0.15.21 nja 402 python{uture: Clean single-source support for Python 3 and 2
£0921 nja 88k python-httplib2: A comprehensive HTTP client library.
&2721 nja 148k python4inja2: A small but fast and easy to use stand-alone template engine written in pure python.
£&0.231 nfa 15k  python-markupsafe: Implements a XML/HTML/XHTML Markup safe string for Python
£¥1302 nja 42 python-mock: Rolling backport of unittest. mock for all Pythons
40641 nja 12%  python-nose2: nose2 is the next generation of nicer testing for Python
@‘I 02 nja 23,554k python-numpy: NumPy: amay processing for numbers, strings, records, a@
&¥ Skip nfa  nja 4526k python-pandas: Powerful data structures for data analysis, time series,and statistics
£181-2 nja 5% python-pbr: Python Build Reasonableness
&1172 O 346k python-pil: Python Imaging Library (PIL)
£&9011 nja 1,005k python-pip: The PyPA recommended tool for installing Python packages.
£&159511 nfa 3.018 pythonpyproj: Python interface to PROJ .4 library
31241 nja 128k python-pyyaml: YAML parser and emitter for Python
£¥272-2 nja 217  python-gscintilla: Python bindings for QScintilla
£213.01 [X]__nja 456k _pythonfequests: Python HTTP for Humans.
£¥2351 nja 101k  python4py2: python bindings to R 3.0.2
01401 nja 61,853k python-scipy: Scientific Library for Python
1.2.182 O 86k python-shapely: Geospatial geometries, predicates, and operations for Pytho
£&3301 O 7% python-simplejson: python JSON encoder and decoder.
£&1.1001 nfa Sk python-six: Python 2 and 3 compatibility utilities
¥ Skip nfa  nfa 2271k python+est: Python seff tests
£¥2181 nfa 6,412 python-win32: Python for Windows extension
£&0752 nja 178k pythondrd: Library for developers to extract data from Microsoft Excel {tm) spreadsheet files
0522 nja 243k pythonxiwt: Library to create spreadsheet files compatible with MS Excel $7/2000/XP/2003 XLS fil
& Skip nfa  nja 6k python3-<cycler: Composable style cycles
& Skip nfa  nja 7k python3-decorator: Better living through Python with decorators
& Skip nfa  nja 378k python34uture: Clean single-source support for Python 3 and 2
¥ Skip nfa  nfa 450k python3-gdal: The GDAL/OGR Python3 Bindings and Scripts
&¥ Skip nfa  nfa 80k python3-hitplib2: A comprehensive HTTP client library.
&¥ Skip nfa  nja 137 python3ijinja2: A small but fast and easy to use stand-alone template engine written in pure python.
£¥ Skip nfa  nfa 17 python3-markupsafe: Implements a XML/HTML/XHTML Markup safe string for Python
& Skip nfa  nja 8.156k python3-matplotlib: Python plotting package v
< >
Hide obsolete packages
<Back || Nex> | Cancel |
Click Next.

On the new screen, make sure that the check mark is on for: Install these packages to meet

dependencies.
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0SGeodW Setup - Resohve Dependencies - o X

Waming! Unmet Dependencies Found

The following packages are required but have not been selected

boostlibs (1.56.0-1) ~
The Boostlibrary (runtime libraries).
Required by: libkml

cairo (1.12.14-1)
Cairo library
Required by: mapserver, grass

curl (7.3.1-1)
The CURLHTTP/FTP library and commandline utility.
Required by: mapserver. otb-bin. gdal. gdal111dIl. ossim. netcdf. gdal110dIl. gdal200dIl

expat (2.1.0-1)
The Expat XML Parser library
Required by: gpsbabel, gdal, gdal111dll itk, libkml, ossim, ogdi, gdal110dIl, gdal200dll

fegi (24.1-2)
FastCGl Library
Required by: mapserver, qgis-lir-server. ggis-server

fimpeg  (20140304-1)
fimpeg
Required by: ossim

fitw (3.33-1)
Fast Fourier transformation library (Development)
Required by: grassé, itk, ossim, grass

freext (1.02-1)
The FreeXL library for accessing Excel (xls) spreadshest. v

Install these packages to meet dependencies (RECOMMENDEDE

< Back Next > Cancel

Click Next and agree with the license terms for the software and plugin options selected.

% 0SGeodW Setup - Agreement of Restrictive Package — [m] x

Non-Open Source License Agreements

Please review the license terms of the following packages and indicate acceptance of i's tems
ECW Raster Plugin for GDAL (gdal-ecw)

ERDAS ECW/JP2 Desktop Read-Only Redistributable SDK License Agreement ~

IMPORTANT - READ CAREFULLY: This ERDAS ECW.JP2 Desktop Read-Only
Redistrbutable SDK License Agreement ("License Agresmert”)is a legal
agreement between You (either an individual or a single legal entity)

and Intergraph Corporation d/b/a Security, Govemmert & Infrastucture
Division ("Intergraph”), for the SOK delivered with this License

Agreement. By installing. copying, downloading, accessing or otherwise
using the SDK, You agree to be bound by the terms of this License
Agreement, which shall take precedence over any other document and shal
govem Your use of the SDK.  You do not agree to the terms of this

License Agreement, do not install or use the SDK. You agree that this
License Agresment is enforceable against You the same as any witten,
negotiated contract signed by You. f You do not agree to the terms of

this License Agreement, You are not authorized to, and You shall not,
download, install or use the SDK.

1 DEFINITIONS
1.1, “Decode” means to view files compressed either using ECW or
JPEG2000 technology .

1.2 “Desktop Application” means desktop software products that You
develop and that permit an end-user to Decode (amang other functionality
ou develop), and that re intended to be used as sef-contained
programs for displaying and processing imagery on the same computing
device

1.3. “ECW" stands for Enhanced Compressed Wavelet
14 “ECWP" is the Enhanced Compressed Wavelet Protocal, by which ECW

and JPEG2000 files residing on a Server may be streamed to a Deskiop
Application and Decoded using the SOK.

310 compress data using ECW technalogy orto v

< Back Cancel

The software will start downloading all the options and installing them.
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ped

E40% - 05GeodW Setup — [m}

2

This page displays the progress of the download orinstallation

Downloading..

oth-bin-5.0.0-20150630-1 tar bz2 from http://download osgeo o

86 % (98574k/113422k) 6675.8kB/s

Packos: |
Tota I

Dk I

| o>

After the successful installation, click Finish.

1.3 Verify the installation of your QGIS Software

In your platform applications, open the freshly installed version of QGIS desktop.

] 2 Filters “~
Best match

QGIS Desktop 2.18.7
Desktop app

354
Apps
@ QGIS Browser 2.18.7

@& QGIS Browser 2.18.7 with GRASS 7.2.0

#  Qt Designer with QGIS 2.18.7 custom
widgets

# QGIS Desktop 2.18.7 with GRASS 7.2.0

Setting up the GUI

# QGIS Desktop 2.18.7 with GRASS 7.2.0
(Nightly)

Search suggestions

L 2.18 - search the web
£ 212gpa
£ 2.18 meters
22 2.18 thyroid
e

2.18

Open the Processing toolbox, under Orfeo Toolbox > Segmentation, you will find several segmentation
tools that can be used for Object Oriented Classification of Remotely Sensed Images.

10
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7/ 0G5 2187 — O P4

Project Edit \View Layer Settings Plugins Vector Raster Database Web Processing Help

NEERLR HUSLPLHPPRLABIZ ¢
Bolo-9RTG=%0 B “QEHNER%2 2k

Layers Panel F X R t P . W 5 x
e —— ecent Projects

« il ® T & [ Semechn
Recently used algorithms ~
;{- GDAL/OGR. [48 geoalgorithms]
& GRASS GIS 7 commands [314 geo...
£ LweEoM algorithms [2 geoalgorit...
o Models [0 geoalgorithms]
v ﬁ Orfeo Toolbox (Image analysis) [..
Calibration
Feature Extraction
Geometry
Image Filtering
Image Manipulation
Learning

¥ Segmentation

< & ComputeQGRLayersFeat... )

& Connected Component 5...
W

& Exact Large-5cale Mean-...
& Exact Large-Scale Mean-...
& Hoover compare segmen...
& OGRLayerClassifier

ﬁ Segmentation {cc)

ﬁ Segmentation {edison)

& Segmentation {meanshift)

& Segmentation {mprofiles)

& Segmentation {watershed) v

You can add more algorithms to the toolbox,

Ready Coordinate |9 scole[:29,854,291 | @ Magnifier [100%  [3] Rotation Render @ erscaan @

4 4

HEANNMS

BSo® &

aq
¢}
‘

&8

SN

B e

=

If the Orfeo Toolbox > Segmentation is not there, or if it is empty, you may need to re-run the
OSGEO4W Network Installer (64 bit) to revise your options. As versions change, these options change
as well; if in doubt, one sure way to get the Orfeo Toolbox is to do a complete install.

Go to your downloads and run OSGEO4W Network Installer (64 bit) again. Near the end of the
installation, at the step where you need to Select Packages, pay attention to the options. Under the
Category column, click next, immediately to the right of “All” and cycle through the iterations until the
“Install” option is next to All, as below.

11



Instructions for Open Source Object Oriented Classification

‘I;_ 0SGeo4W Setup - Select Packages
e

Select Packages I, i
Select packages to install ‘;“"
Search | ["::_:lﬁeep (Prev@iCur  (Exp Category
Category Current Mew B. S. Size Package &
2 All & Install D>

Commandline_Utilities & Install
Desktop & Install

Libs £¥ Install
Web &¥ Install

41

[¥|Hide obsolete packages

Installing all the packages in a complete installation will take more space in your system, but also will
ensure that you have all the tools, including the segmentation and classification tools needed to perform
an Object-Oriented Classification with OTB in QGIS.

12
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2 Earth Explorer Select and Download an image to use in your Object Oriented
Classification

Earth Explorer is a user interface to query and order satellite images and other U.S. Geological Survey
products. The user can specify a search criteria, select datasets, and browse the results before

downloading the image(s) and product(s) needed for their project. This section shows how to identify
and download remotely-sensed imagery freely available to use in your Object-Oriented Classification.

2.1 Landsat 8.

Landsat 8 is the latest NASA satellite in a series that has produced an uninterrupted multispectral record
of the Earth's land surface since early 1970s. Landsat 8’s return (re-visit) period is 16 days. There are two
instruments on board, the Operational Land Imager (OLI, 8 bands at 30 m spatial resolution plus one
panchromatic band at 15 m) and the Thermal Infrared Sensor (TIRS, 2 bands at 100 m, re-sampled and
co-registered at 30 m). Data collected by these sensors is available for download at no charge via
EarthExplorer. Additionally, there are other interfaces, e.g. GloVis and LandsatLook Viewer. Landsat data
is typically available within 24 hours of reception. Questions about LLandsat can be answered in the
USGS’ FAQ list (https://Landsat.usgs.gov/frequently-asked ), the Landsat 8 handbook
(https://Landsat.usgs.gov/Landsat-8-18-data-users-handbook ), via e-mail (custserv@usgs.gov ) or by
phone (800-252-4574).

For this example, we will download a Landsat 8 image in the Desert Landscape Conservation
Cooperative (DLCC) near Cd. Juarez - El Paso on the US/Mexico border. Calibrated imagery is available
through Earth Explorer.

2.2 Create your login at EarthExplorer

The USGS’ Earth Explorer website allows the user to custom tailor search parameters for Landsat data.
After entering the website, http://earthexplorer.usgs.gov (new users must create a login, access to the
site and the data is still free), you can either search for data by selecting a region on a map, by entering
coordinates, or by entering a place name. The user can also select specific parameters such as
acceptable cloud cover percentages and the range of desired acquisition dates.
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In a browser, navigate to the site http://earthexplorer.usgs.gov, and log in or register a new account.

- m] X
uick Guide to Earth Ex.. > EE EarthExplorer X
A Quick Guide to Earth Ex. p +

+*

2
Q
3
i g
(<]
-
»
(]
]

USGS Home
Contact USGS

‘ BN S Search USGS
science for a changing world —

EarthExplorer

|Home Login Register iij Feedback Help

R

Search Criteria Summary (Show) Clear Criteria

1. Enter Search Criteria

. Map  Satellite (52°48'10°N,118°44'24'W) Options  Overlays
To narrow your search area: type in an address or place - _

name, enter coordinates or click the map to define your
search area (for advanced map tools, view the help
documentation), and/or choose a date range.

Path/Row || Feature

Predefined Area

Decimal

‘ © No coordinates selected ‘

Add Coordinate | Clear Coordinates
Result Options

Search from: [mm/dd/yyyy |® to: [mm/dd/yyyy |2

Search months: (all) b
Data Sets »

g
Sl
Guatemala
_Honduras —
NS~
Nicaragua
~
Costa Rica
t
{ Panam:

Map data ©2016 INEG! Imagery ©2016 NASA, TerraMetrica | 500km L— 1 | Terms of Use | Report a map emar

The up-to-date Google map is not for for itis to be used as a guide for
search

nnky

2.3 Search and Select the data you need

On the left panel, the first tab is the Search Criteria which contains three sets of search options.

The first set of options allows the user to identify a particular address or place name, a path-row
combination or the name of a feature in your Area of Interest (AOI) you can define it here.

The second set of options permits to type coordinates or to use a shapefile or KML with a pre-defined

area as input. Additionally, the user can use the “Map” option by just clicking on the map and populate a
set of coordinates.

The third set of options during search criteria allows for date ranges. If the user has a particular year or

month in which field data collection took place, a year that was not too dry or too wet, or other dates, in
particular, a range can be specified here.
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Zoom into an area west of Cd. Juarez - El Paso, on the international border and click “Use Map” that will
take the coordinates of your view as part of the search criteria. For dates, use the summer of 2016, from

06/01/2016 to 09/30/2016 for this tutorial. Notice that in the Login-Register section now a user is
defined.

& 5 X
[Z3 AQuick Guideto Earth Ex.. X  EE EarthExplorer X |+

€ & (0 earthexplorerusgs.gov C  Q Search wBa 9O % A B

” Sy ; | ’ USGS Home
‘.4 is LA Contact USGS

science for a changing world Ay PTLE F Search USGS

EarthExplorer Page Expires In 1:5!

Home Save Criteria Load Favorite v Manage Criteria

. Dataet Search Criteria Summary (Show) Clear Criteria

1. Enter Search Criteria 3 e

. 31°57'33"N, 106° 46’ 51" W/ Options  Overlays
To narrow your search area: type in an address or place = | P A

name, enter coordinates or click the map to define your
search area (for advanced map tools, view the help
documentation), and/or choose a date range.

CULES B0 Path/Row || Feature

(5o [ omr
‘Predefined Area || Shapefile | KL
Degree/Minute/Second Decimal‘

Item Basket (0) mpavon v EJE Feedback Help

.2

1. Lat: 31° 57' 43" N, Lon: 106° 24' 21" W 2
2. Lat: 31° 57' 43" N, Lon: 106° 47' 16" W 2 4
3. Lat: 31° 32' 30" N, Lon: 106° 47' 16" W 2 4
4. Lat: 31° 32' 30" N, Lon: 106° 24' 21" W 7R
(o
Result Options

Search from: [06/01/2016

= to: [09/30/2016 |

Search months: (all) v

Data Sets » I Addi

The second tab is the “Data Sets” page. Many datasets are available, from “Aerial Imagery” to “Lidar

Elevation” to “AVHRR Phenology” that may be useful for DLCC. In this case, we will look for a Landsat 8
image.

Go to the second tab, “Data Sets”. Expand “Landsat Archive”, Under “Pre-Collection” put a checkmark
on “L8 OLI/TIRS”. Those are the imagery sensors for Landsat 8: OLI (Operational Land Imager) and TIRS
(Thermal Infrared Sensor). For this tutorial, we will work only with the OLI data. You may get a warning
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for newer Landsat datasets after April 30, 2017 redirecting you to “Collection 1 datasets”, acknowledge
the message by clicking OK and continue.

Data Set Message x|

Changes to Pre-Collection datasets: April 30, 2017

Effective April 30, 2017, newly-acquired Landsat & data will be processed into the Landsat Callection 1 inventory
structure only; Landsat Pre-Collection datasets will no longer be populated with newly-acquired data. Users
are strongly encouraged to use the Landsat Collection 1 datasets. See this Landsat page for more details.

|/ N\
QE

[ AQuick Guideto Earth Ex.. X EE EarthExplorer X % Landsat 8 OL (Operationa... X | +
€ o earthexplorer.usgs.gov c Q Search wB 9 3 4 8 =

' Contact USGS &
, 2 é ! Search USGS
or a changing world

EarthExplorer

Home Save Criteria Load Favorite ~ Manage Criteria Item Basket (0) mpavon ~ [EJ[EJ Feedback Help

Search Criteria | [0 ("ESIEH]  Additional Criteria | Results |

2. Select Your Data Set(s)

Check the boxes for the data set(s) you want to search.
When done selecting data set(s), click the Additional
Criteria or Results buttons below. Click the plus sign
next to the category name to show a list of data sets.

Search Criteria Summary (Show) Clear Criteria

[ use Data Set Prefilter (whats This?)

Data Set Search:

#E0-1

[#-Global Fiducials
[# Global Land Survey
B-HCMM

FSERV

#-Land Cover
=-Landsat Archive [J

[#-Collection 1 Level-1

E-Pre-Collection

[ @ [E] L8 OLITIRS

- @ [£] L8 OLUTIRS Pre-WRS-2

- [J]@ [ Landsat Surface Reflectance - L8 OLITIRS
-] @ [E] L7 ETM+ SLC-off (2003-present)

- ] @ [E] L7 ETM+ SLC-on (1999-2003)

-~ 0 Landsat Surface Reflectance - L7 ETM+
@ L4-5TM

- @ [¥] Landsat Surface Reflectance - L4-5 TM
- []@ [& L1-5 MSS

¥ Landsat Legacy

#-Landsat MRLC

#'NASA LPDAAC Collections

v WS L
Map Data | 5km b3 | Terms of Use | Report a map error
e e _

Click the Additional Criteria Tab. Scroll down to “Cloud Cover” and pick “Less than 10%"”. That should
limit your results to those that have minimal cloud cover. Click on Results Tab. The user can get a list of
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available images that fit the criteria with thumbnails and links to more information. The thumbnails
aren’t big enough to show much, so click on one to see a slightly larger image.

[ AQuick Guideto Earth Ex.. X EE EarthExplorer X % Landsat 8 OLl (Operationa... X | +

(' G earthexplorer.usgs.gov c Q Search ﬁ E 3 A Q

Contact USGS
Search USGS

'or a changing world

EarthExplorer Page Expires In

Home Save Criteria Load Favorite + Manage Criteria Item Basket (0) mpavon ~ [EJEJ Feedback Help

Search Creria | Data Sets | Adaiionai Crteria [ Search Criteria Summary (Show) Clear Criteria

4. Search Results

If you selected more than one data set to search, use
the dropdown to see the search results for each specific
data set.

Show Result Controls x|
Data Set Click here to export your results » &'
|L8 OLYTIRS v]

« First « Previous Next, Last» i

Displaying 1-50f5 @
Entity ID:LC80330382016262LGN00
Coordinates:31.74231,-106.72691
Acquisition Date:18-SEP-16
1 Path:33
Row:38

YEdULANS

Entity ID:LC80330382016246LGN00
Coordinates:31.74206,-106.72851
Acquisition Date:02-SEP-16

2 Path:33
Row:38

IEdU/LANE

Entity ID:LC80330382016230LGNO0
Coordinates:31.74216,-106.71758
Acquisition Date:17-AUG-16

3 Path:33
Row:38

YHdULATS

Entity ID:LC80330382016198LGNOO

Coordinates:31.74217,-106.72923
_-l Acquisition Date:16-JUL-16 v
View ltem Basket » | Submit Standing Request »

When clicking on one image a new window opens allowing the user a better view of the image and
some metadata. Go through all of them until you get familiar with the results. Looks like the granule for
06/14/2016 has minimal cloud cover and was taken about 11 AM local time (El Paso is GMT -6).

2.4 Download your data
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Hovering over the different icons for each image shows a little text of what they do; in order they are:
show footprint, show browse overlay, compare browse, show metadata and browse, download options,
add to bulk download, order scene and exclude scene from results. Explore the icons by clicking on
them. Click on download options for Entity ID:LC80330382016166LGNOO.

E A Quick Guide to Earth Ex... X  EE EarthExplorer X %, Landsat 8 OLI (Operationa... X ‘ +

€ (0 carthexplorer.usgs.gov ¢ QGM™MT » wB O ¢ A B

LandsatLook "Natural Color" Image (5.8 MB)

LandsatLook "Thermal" Image (2.5 MB)

LandsatLook "Quality” Image (476.4 KB)

eographic Reference (8.8 MB)

QL Level 1 GeoTIFF Data Product (944.0 MB)

The bigger option, “Level 1 GeoTIFF Data Product” is the one that provides a full-resolution,
uncompressed product. The Level 1 Product is terrain-corrected, geolocated, calibrated data—a bundle
of 16 bit, single-channel GeoTIFFs. The other ones are just full resolution JPEG previews to check on the
image quality. Click on the “Download” button next to it. A compressed file will start downloading.
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Opening LC20330322016166LGMNO0.tar.gz X

You have chosen to cpen:
:.L LC80330382016166LGN00.tar.gz

which is: Compressed (zipped) Folder (844 MB)
from: http://dds.cr.usgs.gov

What should Firefox do with this file?
@Qpenwwt Windows Explorer ~
() Save File

[] Do this automatically for files like this from now on.

Choose a program with which you can open a compressed file (WinZip (http://www.winzip.com ), 7Zip
(http://www.7-zip.org ), etc.) Depending on your internet connection, this may take from one to several
minutes. We used 7-Zip as a way to open it (7-Zip is open source software available at http://www.7-
zip.org/ , and there are apps and utilities also available for Mac users: command line, RAR extractor
(http://www.unrarx.com ), Unarchiver (http://unarchiver.c3.cx/unarchiver ), etc.). Tar.gz is a
compressed file inside of a compressed file.

Ch\Users\Miguel\AppData\Local\ Temph LCB0330382016166LGNO0.tar.gz.ziph - O x
File Edit View Favorites Tools Help

$ o= v o o= X i

Add  Extract Test Copy Move Delete Info

¥ | 2 C\Users\MiguehAppData\Local\ Temp\LCB0330382016166LGNOD.tar.gz.ziph ~
MName Size Packed Size Modified Host 05 CRC Folders Files
[B2}L C20330382016166LGNOD.tar.gz | 1838 008 320 989 843 338  2016-06-22 23:41  Unix 31E2A825

0 object(s) selected

Double click on the gz file to uncompress the gz file into its components.
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C\Users\MiguehAppDatat Local\Terph LC80330382016166LGNO0.tar.gz.ziph LCB0320382016166LGNOD.tar. gz, - O *
File Edit View Favorites Tools Help

R SV |

Add  Extract Test Copy Move Delete Info

5 | C\Users\MiguelAppDatatLocal\ TemphLCB0330382016166LGMNO0.tar. gz.ziph LCB0330382016166L GNOD.tar.gz\ ~
MName Size Packed Size Modified Mode  User Group Symbelic Link H
=[1.C30330282016166LGNO0_B1.TIF | 122 544 858 122 545152 2016-06-22 23:41 Orw-rw-r--  lpgsops prodgen
= LCB0330382016166LGNO0_B2.TIF 122 544 858 122 545152 2016-06-22 23:41 Orw-rw-r--  Ipgsops prodgen
=] LCB0330382016166LGND0_B3.TIF 122 544 858 122 545132 2016-06-22 23:41 Orw-rw-r--  Ipgsops prodgen
| LCB0330382016166LGNO0_BA.TIF 122 544 858 122 545152 2016-06-22 23:41 Orw-rw-r--  Ipgsops prodgen
| LCB0330382016166LGNO0_B5.TIF 122 544 858 122 545152 2016-06-22 23:41 Orw-rw-r--  lpgsops prodgen
= LCB0330382016166LGNO0_BE.TIF 122 544 858 122 545152 2016-06-22 23:41 Orw-rw-r--  lpgsops prodgen
= LCB0330382016166LGNO0_BT.TIF 122 544 858 122 545152 2016-06-22 23:41 Orw-rw-r--  lpgsops prodgen
= LCB0330382016166LGNO0_BE.TIF 489989 358 439989632 2016-06-22 23:41 Orw-rw-r--  Ipgsops prodgen
=] LCB0330382016166LGND0_BI.TIF 122 544 858 122 545132 2016-06-22 23:41 Orw-rw-r--  Ipgsops prodgen
| LCB0330382016166LGNOD_B10.TIF 122 544 858 122 545152 2016-06-22 23:41 Orw-rw-r--  Ipgsops prodgen
| LCB0330382016166LGNOD_B11.TIF 122 544 858 122 545152 2016-06-22 23:41 Orw-rw-r--  lpgsops prodgen
= LC80330382016166LGNO0_BOA.TIF 122 544 858 122 545152 2016-06-22 23:41 Orw-rw-r--  lpgsops prodgen
|:| LC20330382016166LGMNO0_MTL bt 7902 8192 2016-06-22 23:41 Orw-rw-r--  Ipgsops prodgen
< >

0 object(s) selected

Click the extract button and download the individual bands 1-11, quality assessment image (BQA) and
metadata (txt) into a local folder.

Copy — O >
Copy to:
|C:\Users\Miguel\Landsat_8\ v| .

Files: 13 (1 837 990 638 bytes )

C:\Users\Miguel®\App Data’Local\ TemptLCB0330382016166LGN00 tar gz zipt LCB033038201 6166LC
LCB0330382016166LGMNDD_B1.TIF
LC20330382016166LGNO0_B2.TIF
LC30330332016166LGN0O0_B3.TIF
LC30330382016166LGN0O0_B4.TIF
LC30330332016166LGNDD_B5.TIF

QK Cancel

Now the Landsat 8 data is on your local hard drive. In the next tutorial we will work on making it into an
image stack and use ground samples to perform Object Oriented Classification on it.
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3 Object Oriented Classification with QGIS with ORFEO Toolbox.

The Orfeo Toolbox (or OTB) is a library for remote sensing image processing, Object Oriented
Classification (OOC) is included in it. The OTB can be described as a plugin for QGIS to perform image
analysis.

3.1 Sample polygons and ground-truthing

For OOC we need to have training polygons that define the land cover classes that we hope to create,
which are called the objective classes. You create each training polygon around a known land cover class
to “teach” the classification algorithm what that land cover looks like. A training polygon or point is a
reference to a place on the ground where you are positive of the land cover at the time of collection,
recording attributes of each check point should be the land cover, time/date of collection and X,Y
coordinates (in a defined coordinate system). Additionally, we need to create the image stack of all the
Landsat 8 bands. An image stack is the combination of 11 different ranges of frequency of light available
for one image, e.g. blue, green, red, near infrared, etc., layered on top of one another on the map to
create a multilayer image) and the ground truthing check-points to assess the accuracy of the
classification.

Ideally both the training polygons and the check points are field-verified and documented with
photographs. Field collection of ground truthing points (or polygons) should also be temporally close to
the date of collection of the remotely-sensed imagery (we will be using Landsat 8 in this exercise). This
information gives us the ground truthing for what was actually on the ground at the time of image
collection. Training polygons and check points should be distributed throughout the extent of the image
stack and should include a recommended minimum of 10 polygons and points per land cover class, to
give enough statistical diversity to the classifier. In real projects, field work is needed to capture ground
truthing information, i.e. determining what the correct land use class is based on visiting the polygon’s
location. In our case, as field photographs were not collected or readily available, we used as an
instructional tool imagery from google maps street view, high resolution aerial imagery and user
photographs. An example of such photographs and locations near the Texas/Mexico border is seen
below:
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sapUeIS SBSED any
UoISUBSY AY

US Customs and Border o,
ro Map data ®2016 Google, INEGI Terms of Use Report a map error

Google

View larger map

|

O 3 “ - ’,‘
©2016 Google-MapData Terms of Use - Report a map error ‘7

ezﬂlﬁsoogie-lhpnn; Termlof Report a map error

On the street view in Google maps, the date of the imagery is cited--it is best if the dating of the
photograph is close to the remotely sensed image stack. This is not a condition that we can influence
much, one more reason to include in your OOC plan to carry out field work ground truthing during the
same time period as the date(s) of the LANDSAT image stack you plan to download.

For ground-truth polygon creation, once we have our El Paso Landsat 8, 7 bands, image stack, in QGIS,
we need to add our ground truthing, collected with GPS, as points. We create a new polygon layer and
we digitize polygons for each point based on the classes, location and extents on the field, documented
in our notes and photographs. For this exercise, we used half of our points to create training polygons
and the other half to create polygons that later will be used for the classification accuracy assessment as
validation polygons.

For this exercise, close to 90 polygons were created for six classes: water, developed, grass and
agriculture, brushland, barren land and forest. Training polygons will be used for training samples for
use in the classification, while validation polygons will be used for accuracy assessment of the resulting
classification. The polygons for the training samples (in a shapefile called “El_Paso_Training_poly.shp”)
can be seen in magenta on top of the Landsat 8 image in natural color (Natural color combination,
(4,3,2) refers to the Landsat bands displayed in red, green, blue (RGB) respectively). The polygons
reserved for accuracy assessment are seen above the image in blue (reserved in a shapefile called:
“El_Paso_accu_A.shp”).
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/ QGIS 2.14.6-Essen = ] X
Project Edit View Layer Settings Plugins Vector Raster Database Web Processing Help
OpERLR AfeersNpPPRLR e N & LHE-{ B
/BBl B "m|Ews9 ~ak
M fie U& @@ MY
.......... |
Q& 7 T 0 |
> || Home A
L <7 Favourites _
7 i n
vers Panel 8 X
BeTVE-BAD |
!
[ [ £_Paso_Accu_A -
® & M ©1_Paso_Training_poly :
@R 4 ¥ EL Paso 18 78 ke
& path 8 x
@ Start
9. | | BH
B =
S |
VE;' Criterion Length v
8 | et | |
__ i |
. | Coate || epot || cer |
fb | Sirep |
Zoordinate | 445549,3634275 | scale [1:1,805,479 | 2otation |o.o E}] MRender @ ersa:zzs13(0) @

3.2 Create the image stack

Go to the directory where you saved the individual bands of Landsat 8 imagery downloaded from Earth
Explorer.

Copy

Copy to:
|C:‘\Users\Miguel‘\Landsat_E‘\

Fles: 13 (1837990 598 bytes )

CAUsers\MiguelAppData’\Local Temp \ LCB0330382016166LGNO0 tar gz zip\ LCB0330382016166LC
LC30330382016166LGMND0_B1.TIF
LC30330382016166LGMND0_B2.TIF
LC20330382016166LGND0_B3.TIF
LC20330382016166LGND0_B4.TIF
LC30330382016166LGND0_B5.TIF

QK
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Open QGIS and add the layers with the “Add Raster Layer” button. Open the first 7 bands of the El Paso
Landsat 8 image. They correspond to the first 7 bands of the OLI sensor without using the panchromatic.

# QGIS 2.14.6-Essen — O b4

Project Edit Wew Layer Settings Plugins Vector Raster Database Web  Progessing  Help

NEBROR[EO*LL APPSR QS

§ oo — = . e - - - - -
4./ 8600 /&M< “ENEERE A
" " & a1 ¥,
hfelfe vt @@HE>HM%
Browser Panel (-4 - Processing Toolbox q X
Ve oeTvto Recent Projects ——
a |> Home ~ > a GDALfOGR. [47 geoalgorithms]
Add Raster Layer fjte > @ GRASS GIS 7 commands [16...
v c‘:"r : > 1WGEOM algorithms [2 gen
; » I 05_Final_Report > tﬂ Models [0 geoalgorithms]
“ > Dy |_ k; > 6 Orfeo Toobox (Image analy...
eliverables
R > Geonetwork > 48 permacim algorithms [5 geo...
q > inetpub > # QGIS geoalgorithms [101 ge...
> L > |E Scripts [0 geoalgarithms]
ogs
% > 0SGeodEd
@ > PerfLogs
> Pre-Deliverables
% ~ Drrnarzen Filar 5
< >
@ Layers Panel g X
,ﬂ m w T &, & -
A
u v
]

8

G+

You can add more algorithms to the
toolbox,
There is a new QGIS i ilable: Visit http://download. qgis.org to get your copy of version 2.18.0

Coordinate| | R§] Scale 129,854,201 v| Rotation |o.o :|Render O erscaze @

<«
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Select the 7 tif files for the first 7 bands (1-7), then click “Open”.

/' Open a GDAL Supported Raster Data Source X
e » ThisPC » 4TB_Data(G) » Projects » Open_OOC_ 4 BCR » Landsat 8 v O Search Landsat_8 2
Organize v New folder = M @

Deliverables " Name : Date Type Size Tags ~
FY13 Vegetation [ image_stackrt 10/17/2016 6:59 AM VRT File 7KB
Kinesiology =] 1.C8D330382016166LGNOD_B1 6/22/2016 11:41 PM TIF File 119,673 KB
& OneDrive [ LCa0330382016166LGNOD_B1. TIF.awx  10/17/2016 7:06 AM XML Document 4KB
[=5] L.C8D330382016166LGN0D_B2 6/22/2016 11:41 PM TIF File 119,673 KB
& This PC [] LC80330382016166LGNO0_B2. TIF.aux  10/17/2016 7:06 AM XML Document 4KB
[ Desktop (%] 1.C80330382016166LGNOD_E3 6/22/2016 11:41 PM TIF File 119,673 KB
Documents [] LC20330382016166LGNO0_B2. TIF.awx  10/17/2016 7:06 AM XML Document 4KB
& Downloads (=] 1 C8D330382016166LGNOD_B4 6/22/2016 11:41 PM TIF File 119,673 KB
b Music [ LCa0330382016166LGNOD_B4.TIF.awx  10/17/2016 7:06 AM XML Document 4KB
_ =] L.C8D330382016166LGNOD_BS 6/22/2016 11:41 PM TIF File 119,673 KB
=] Pictures [] LCB0330382016166LGNOD_BS. TIF.aux  10/17/2016 7:06 AM XML Document 4KB
B videos (] 1.C80330382016166LGNOD_BS 6/22/2016 11:41 PM TIF File 119,673 KB
‘& Local Disk (C:) [] LCa0330382016166LGNOD_BE. TIF.awx  10/17/2016 7:06 AM XML Document 4KB
2= ATB_Data (G:) (=] 1 C8D330382016166LGNOD_ET 6/22/2016 11:41 PM TIF File 119,673 KB
[ LCa0330382016166LGNOD_B7. TIF.awx  10/17/2016 7:06 AM XML Document 4KB

I—ﬂ. Network 2 =] | FaN22N2220TAR1ARI GRINND RA RAZIANIA 11-41 PRA TIF Fil= A78 S0NA KR 4

File name: |"|_c3033033201 6166LGNO0_B7" "LC80330382016166LGNO0_B1" "LC20330382016166LGMND0_B2" "LCE | All files () -

Cancel

Once the Layers are added, double click any of them to access general information for each image. Note
the spatial reference information: EPSG:32613, WGS 84 / UTM zone 13N).

¢ Layer Properties - LCB0330382016166LGN00_BT | General ? >

& General

w Layer info

Layer name  |LC80330382016166LGNO0_B7 | displayed as |1C803303820 16 166LGNOD_B7 |

E Style
|.ﬂ Transpar:

Layer source | G:\Projects\Open_OOC_4_BCR\Landsat_8WC80330332016166LGN00_BT.TIF |

Columns: 7751 Rows: 7901 Mo-Data Value: nfa

w Coordinate reference system

Selected CRE (EPSG: 32613, WES 84 / UTM zone 130) v &

w [_| Scale dependent visibility

B3l Pyramids

Histogram

Maximum  (d) I
: | 130 v
(indusive) +* .

Minimum (=)

:100,000, i
(exdusive) & 0 5000 Ve

Style ¥ Apply Help

On the QGIS top menu, select Raster > Miscellaneous > Build Virtual Raster (Catalog).
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# QGIS 2.14.6-Essen

Project Edit Wiew Layer Settings Plugins Vector Raster Database Web Processing  Help

n P ] Wy o 5 = =l
:\ }b !q] @ ¢g¢> JI £ Raster Calaulator... ja + f-': o~ Ly E Ly v » I:I
Align Rasters...
o = e bo| <abgl ‘abc
= = . Georeferencer » L :
T 1 n . ':qei ':(C\h j:t Heatmap »
vo Browser Panel (-4 [ Interpolation ¢ Processing Toolbox q X
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Double click your layer stack (El_Paso_L8 7B, new image with all 7 bands). You should be able to change
the band rendering by right click and go to properties (to see the three bands that you can see at any
given time). The “rendering type” should be Multiband color. For a natural color approximation choose
red: band 4, green: band 3, blue: band 2. Under Contrast enhancement, you may want to select from
the pull-down menu “Stretch to MinMax”. Click OK. A description of the 7 bands of your stack is below,
all of which are acquired at 30 m ground resolution.

Landsat 8 Band Name Bandwith (um)
Band 1 Coastal 0.43-0.45
Band 2 Blue 0.45-0.51
Band 3 Green 0.53-0.59
Band 4 Red 0.64-0.67
Band 5 NIR 0.85-0.88
Band 6 SWIR 1 1.57-1.65
Band 7 SWIR 2 2.11-2.29

3.3 Vector Segmentation and Data Exploration

On the QGIS top menu, select Processing > Toolbox, to get access to the different modules on the
Processing Toolbox, one of them should be Orfeo Toolbox (Image analysis).

Expand the Orfeo Toolbox and then Segmentation toolset. There are several options for segmenting an
image, the process of grouping contiguous pixels with similar color (spectral values) together in
segments; for this exercise we will try the Segmentation (meanshift) option by double clicking on it.

The input image is “El_Paso_L8 7B [EPSG:32613]”. We will keep the default values as they are. We will
define a shapefile as the Output vector file, something meaningful like: “El_Paso_segmented.shp”. Click
on the three periods to the right of the Output vector file field, then save to file, navigate to your
directory, and type in “El_Paso_segmented.shp”.
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7 Savefile 7 *

Loak in: G:\Projects\Open_DOC_4 BCR\Landsat_& - QD Q0 ] =

h My Computer

a Miguel

File name: @Paso_segmented.s@ | | seve

Files of type: |SHP files (*.shp) - Cancel

Encoding: System -

The segmentation tool should look something like this:

¥ Segmentation (meanshift) ? X
Parameters Log Help Run as batch process...
Input Image ~

EL_Paso_L8_7B [EPSG:32613] -
Segmentation algorithm
meanshift A

Spatial radius
|5 > |

Range radius

|15 v|

Mode convergence threshald

|0‘100000 C|

Maximum number of iterations

|100 C|

Minimum region size

|IDD v|

Processing mode
vector A

Wiritina made frr the aodnot wvertor fils

0%

Click the Run button and let it process the image, it should take several minutes.

Depending on the level of resolution and the number of classes you may want to achieve, you may play
with different combination on all the parameters on the meanshift segmentation until you get
satisfactory results. Below is the result of a previous run with Range radius moved from 15 to 30 and
Minimum regions size from 100 to 9000 after zooming in and double-clicking on the output layer,
clicking on Style, clicking on Fill, and selecting “Transparent fill”.
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In the previous example you can see that there are still dark spots aggregated with the lighter colored
background. This means the radius needs to be reduced and also the minimum regions size needs to be
smaller, but now we have explored what happens if you provide big numbers for those parameters, you
get segments that are too big and general.

Open the Segmentation (meanshift) tool again and move back the Range radius to 15 (default value)
and region size to 100 (also default value). OTB looks for neighboring pixels whose spatial location (in
number of pixels) falls within the spatial radius and whose Euclidean distance (expressed in radiometric

units) between spectral
values falls within the
range radius.
Explanation of what the
tool does and what this
parameters mean can be
accessed by clicking on
the “Help” tab provided
with the tool. Zoom in
near the center of the
previous screen capture
to see most of the
darker spots now belong
to just one segment as
desired.

/ Segmentation (meanshift) ? 4
Parameters Log Help Run as batch process. ..
Parameters "

* [param] -in <string > The inputimage to segment. Mandatory: True. Default value: ™
* [param] -inxml <string > Load otb application from xml file. Mandatory: False, Default Value: ™
-oubkml <string > Save otb application to xml file, Mandatory: False, Default Value: ™
-filter Choice of segmentation algorithm {mean-shift by default) meanshift,cc,watershed, mprofiles. Mandatory: True. Default
Value: "meanshift”
o[group] -meanshift
=[param] -filter.meanshift.spatialr <int32> Spatial radius of the neighborhood. . Mandatory: True. Default value: ™5™
o [param] -filter.meanshift.ranger <float> Range radius defining the radius (expressed in radiometry unit) in the
multispectral space.. Mandatory: True. Default Value: 15"
= [param] -filter.meanshift.thres <float> Algorithm iterative scheme will stop if mean-shift vector is below this threshold
or if iteration number reached maximum number of iterations.. Mandatory: True. Default Value: ™. 17
= [param] -filter.meanshift.maxiter <int32: Algorithm iterative scheme will stop if convergence hasn't been reached
after the maximum number of iterations.. Mandatory: True. Default Value: "100"
=[param] -filter.meanshift.minsize <int32> Minimum size of a region (in pixel unit) in segmentation. Smaller dusters will
be merged to the neighboring duster with the dlosest radiometry. If set to 0 no pruning is dene.. Mandatery: True. Default
Value: "100"
°[group] -cc

1 o, " n n " " - y el

0%

Run Close
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Below is the result of default values with Range radius back at 15 (default value) and region size at 100
(also default value).
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ﬁ Image Classification
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a TrainImagesClassifier (svm)
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“El_Paso_Training_poly.shp”. Click Open.

i Add vector layer ? X

Source type

@ File (O Directory (O Datzbase ) Protocol

Encoding | System -

Source

Dataset |_4_BCR‘I,Training_Polygons_and_M‘E_Paso_Trainingjoly.sh|:| Browse
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The training vector data must contain polygons with a positive integer field representing the class label.
You can right-click under your Layers Panel: “El Paso Training poly” dataset and click “Open atribute
table”. The table is opened. In this example we used 1 for water, 2 for developed, 3 for grass and
agriculture, 4 for brushland, 5 for barren land and 6 for forest. The first value is under a field called “1d”
and the second is under a field called “class”. Those can be seen in the table for
“El_Paso_Training_poly.shp” below.

] El_Paso_Training_poly :: Features total: 43, filtered: 43, selected: 0 - m} x

1| Water
1 Water
1 Water
1 Water
1 Water
2 Develop
2 Developed
2 Developed
2 Developed
2 Developed
2 Developed
2 Developed
3 Grass-Agro
3 Grass-Agro
3 Grass-Agro
3 Grass-Agro

3 fGrass-Anr v

T Show All Features, = El

To get an idea of our image data contents, we need
to calculate global mean and standard deviation for
each band of the Landsat image

(“El_Paso_L8_7B.vrt”) and save the results in an XML Clear selection

file. Toggle selection

Cancel

/ Multiple selection ? ¥

{EL_Paso_L2 7B [EP5G:32613] Select all
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On the processing toolbox panel go to

/ Compute Images second order statistics ? X
Orfeo Toolbox > Learning > Compute
Images second order statistics and Perameters | tod | Heb Run zsbatch process...
double click on it. As input we use Input images
“El_Paso_L8 7B.vrt” (click on the L
- - - Background Value
three dots to select it). The [0.000000 =
background value is zero and we Output XML file
deﬁne an OUtpUt me f||e (CIle on the |G:;'Projects;"Open_OOC_4_BCRﬂ'raining_Polygons_and_.-'-\@L_Paso_Training_Stats.xml ) |

three dots and save to file):
“El_Paso_Training_Stats.xml”. Hit
Run.

0%

Run Close

That calculates the global mean and
standard deviation for our image and stores it in the “El_Paso_Training_Stats.xml” file. This file can be
used optionally by the TrainerlmagesClassifier (svm) algorithm, or it can generate the statistics itself.

Ill

On the processing toolbox panel go to Orfeo Toolbox > Learning > TrainlmagesClassifier (svm) and
double click on it. This tool performs a classifier training from an image(s) and training vector data. The
training vector data must contain polygons with a positive integer field representing the class label
(which is “I1d” field in our case).

Check the image and the training polygons files that will be used, we are using the Landsat image
(“El_Paso_L8_7B.vrt”) as the Input Image and training polygons vector data
(“El_Paso_Training_poly.shp”) as the Input Vector Data. We will use most of the default values in the
TrainlmagesClassifier (svm) tool, except for the Name of the Discriminating field (an integer field) we
will type “Id”. Scrolling to near the end of the dialog, you will find a place to specify the output confusion
matrix and the output model. The first one will give us an idea of how similar and discernible are the
classes among themselves. The more values that land on the diagonal, the least confusion (call the
output file something meaningful like “Trainer Confusion Matrix”). The second will give us the model
needed to perform the classification (call it “SVM_Model”) in the following step. A support vector
machine (SVM) Model is a supervised machine-learning model with associated learning algorithms in
QGIS that analyze the data used for the object-oriented classification in this case.
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/ TrainlmagesClassifier (svm) ? =

Parameters Log Help Run as batch process...

= Lal
E :

Parameter nu of a WM optimization problem (MU_SVC f OME_CLASS)

o :

Parameter coefd of a kernel function (POLY / SIGMOID)

o :

Parameter gamma of a kernel function (POLY / REF [ SIGMOID)

E :
Parameter degree of a kernel function (POLY)

E :

Parameters optimization

set user defined seed

[ :

OW

G fProjects/Open_0OC_4_BCR,/Training_Polygons_and_AATrainer Confusion Matrix

Qutput model
\l@:,'Projectstpen_OOC_4_BCR,'Training_PDI\,rgons_and_AAfSUM_Model

\_/

0%

Click run to start the TrainlmageClassifier tool.

The Training Image classifier produces a confusion matrix in text format, an extension “.txt” can be
added to it to make it recognizable by text editors such as notepad. Once it can be open, it will give us
an idea of how classes are potentially classified with the training polygons used. It can also be imported
into a spreadsheet and reformatted to include the class names. The confidence levels of all the class
labels are estimated from a comparison of the classification maps to ground truthed classes, which
results in a confusion matrix. The reference labels for each class are rows, one per class defined in the
training polygons. The Produced labels are columns, one per class in the resulting classification. An
acceptable confusion matrix will have most of the highest values in the diagonal, meaning that the
classification resembles what has been observed on the field, for example, 128 pixels referenced as
Water during ground truthing were correctly classified as Water in the matrix below.

Values that are not in the diagonal are confused. For example there are 5 pixels referenced as
Developed in the matrix below that were misclassified as Water. These can be asphalt or other land
cover that the classifier is confusing with Water, therefore the name, confusion matrix. For each
classification map, these confusion matrices are then used to estimate the “mass of belief” of each class
label. The more values that land in the diagonal, the more belief in the classifier doing a good job for a
given class. If the discernibility is poor, that shows as many pixels not in the diagonal; more ground
truthing or re-selection of the training polygons used may be needed. This is an example of what can be
expected as the Confusion matrix, which gives an idea of the discernibility of the classes:
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#Produced labels (columns) 1 2 3 4 5 6

#Reference labels (rows)

1 Water 128 3 4 5 0 2
2 Developed () 128 o 5 0 o0
3 Grass-Agro 6 0 144 2 0 1
4 Brushland 1 2 0 151 0 0
5 Barren land 0 0 0 6 159 0
6 Forest 0 1 1 0 0 138

Later in the process a confusion matrix will be used as the accuracy assessment is performed by
comparing the map created by the Object-Oriented Classification against the Ground-Truth resources
available.

3.4 Raster Segmentation and Object-Oriented Classification

Raster segmentation is the process of partitioning a digital image into multiple segments, sets of pixels
or objects. The goal of segmentation is to pre-process or simplify the representation of an image into
objects that are more meaningful and easier to analyze. Pixels that are spatially close and are spectrally
similar are grouped into objects. With the OTB segmentation and classification tools, users can prepare
segmented rasters as a first step in creating object-oriented classified raster datasets.

Now that we have a better understanding of the Landsat 8 image, training polygons, and their classes, a
raster segmentation is needed for the object-oriented classification. Each processing step may take
several minutes depending on the amount of data to process and the computer speed. The workflow in
QGIS comes in three main procedures:

e Mean-shift raster segmentation of large images (4 steps).
e Preparation of reference data (training polygons).
e Object Oriented Classification using the SVM algorithm.

3.4.1 Mean-shift segmentation workflow
a. Perform a mean-shift filtering of “El_Paso_L8 7B.vrt”. This will help extract homogeneous
objects from a filtered image. On the processing toolbox panel go to Orfeo Toolbox > Image
Filtering > Exact Large-Scale Mean-Shift segmentation, step 1 (Smoothing).
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/7 Exact Large-Scale Mean-Shift segmentation, step 1 (smoothing)

Parameters Log Help

Input Image
EL_Paso_L&_7E [EP5G:32613]
Available RAM (Mb)

? X

Run as batch process...

| 10000

[ ]
4k

Spatial radius

[s

Range radius

|3D

B
4k

Mode convergence threshold

|D. 100000

Maximum number of iterations

| 100

Range radius coeffident

o

Mode search.
Filtered output

|El Paso L Filtered

Open output file after running algorithm

Spatial image

|EI Paso L8 Spatial

Open output file after running algorithm

0%

Vi.
Vii.

Use “El_Paso_L8 7B.vrt” as the input image.

Set the Available RAM (Mb) to what you want to make available to GIS to process. The
more RAM your computer has available, the faster the process runs.

Set the Range Radius to 30.

Click on the three dots and select “save to file” to define a path for “filtered output”
(name the file “El_Paso_L8 filtered.tif”) and spatial image (name it
“El_Paso_L8_spatial.tif”).

Make Mode Search parameter disabled.

Leave all the other parameters with the default values and click run.

Notice that “EL_Paso_L8 filtered.tif” has less variance than the original image, it looks
smoother. Some of the heads and tails on the original have been filtered resulting on a
smoother image. This can be verified by right-clicking on the image properties, click on
Histogram, and calculate the histogram for each layer. You can capture the screen of
both histograms as a reference, the filtered image has more pixels near the center of
the distributions and less towards the extremes (heads and tails of the distribution
curve).
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b. Convert the filtered image to a one-band object. This step will produce a labeled image
where neighbor pixels whose range distance is below range radius (and optionally spatial
distance below spatial radius) will be grouped together into the same cluster. Go to
Processing-Toolbox --> Orfeo Toolbox (image analysis) --> Segmentation --> Exact Large-
Scale Mean-Shift segmentation, step 2.

/ Exact Large-Scale Mean-Shift segmentation, step 2 ? X
Parameters  Log  Help Run as batch process...
Filtered image ~

EL_Paso_L8_7B [EP5G:32613] N -

Spatial image [optional]

[Mot selected]

Range radius

| 1500

Ar

Spatial radius

[s

Ar

Minimum R.egion Size

o

3

]

Size of tiles in pixel (X-axis)

| 500

3

]

Size of tiles in pixel (Y-axis)

| 500

Ar

Directory where to write temperary files [optional]

Temporary files deaning

Output Image

|EI_Paso_output2k|

Open output file after running algorithm

0%

Vi.

Use “EL_Paso_L8_filtered.tif” as Filtered Image (output from previous step).

Leave the Spatial image (optional) empty (not selected).

Increase the Range Radius to “1500”

Click on the three dots and select “save to file” to save the Output Image as a file name
meaningful to you; in this example we use “El_Paso_L8_output2k.tif”.

Leave all the other parameters with the default values and click run.

Notice the groupings of pixels into objects in the output image

(“El_Paso_L8 output2k”). You can change the Range Radius to other values. When
distinct features on the ground (i.e. the dark spots mentioned earlier), are in segments
by themselves, you know that you have good parameters, continuous features on the
ground broken excessively into small segments, or big segments covering several
features or classes on the ground need to be refined accordingly. Repeat as necessary to
satisfy your classification needs if the initial results are not satisfactory.
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c. Merge small objects whose size in pixels is lower than minsize parameter with the
adjacent region that has close Euclidian radiometric distance and acceptable size. Go to
Processing-Orfeo Toolbox (image analysis) --> Segmentation --> Exact Large-Scale
Mean-Shift segmentation, step 3 (optional).

/' Exact Large-Scale Mean-Shift segmentation, step 3 (optional) ? X
Parameters  Log  Help Run as batch process...
Input image ~
EL_Paso_L3_7B [EPSG:32613] N ==

Segmented image
El_Paso_output?k [EP5G:32613] w || een

Minimum Region Size

A

|ID

Size of tiles in pixel (X-axis)

3

| 500

]

Size of tiles in pixel (Y-axis)

3

| 500

]

Output Image

|EI_Pa|§0_0uu3ut3 |

Open output file after running algorithm

0%

i. The Input image is the original image stack (“EL_Paso_L8_7B").
ii. The Segmented image (“El_Paso_output2k.tif”) is the result of the raster segmentation
above (step 1b).

iii. The Minimum Region size is defined as 10.

iv. Click on the three dots and select “save to file” to save the Output Image as a file name
meaningful to you. In this example we use “El_Paso_output3.tif”.

v. Leave all the other parameters with the default values and click run.

vi. You may notice that small objects have been absorbed by bigger, contiguous objects
that are close radiometrically (an Euclidian distance in digital values that is within a pre-
defined tolerance).

d. Transform the raster image objects to polygon (vector objects). Each polygon contains
additional fields: mean and variance of each channel from input image (in parameter),
segmentation image label, and number of pixels in the polygon. Go to Processing-Orfeo
Toolbox (image analysis) --> Segmentation-Exact Large-Scale Mean-Shift segmentation,
step 4.
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7 Exact Large-Scale Mean-Shift segmentation, step 4

Parameters Log Help Run as batch process...

Input Image

|EL_Paso_L8_7B [EPSG:32613] -]

Segmented image

|B1_Paso_output3 [EPSG:32513] -]

Size of tiles in pixel (X-axis)

[s00 EE

Size of tiles in pixel (Y-axis)

[s00 EE

Output GIS vector file

| El_Paso_Segmented_4.shp | El

[ Open output file after running algorithm w
| 0%

.

i. Use “El_Paso_L8 7B.vrt”. as the Input image.
ii. Use “El_Paso_output3.tif” as the Segmented Image.
iii. Click on the three dots, select “save to file” and name the Output GIS vector file. In this
example “El_Paso_Segmented_4.shp” is used.
iv. Leave all the other parameters with the default values and click run.

/ QGIS 2.14.6-Essen - Processing
Project Edit View Layer Settings Plugins Vector Raster Database Web Processing Help

DEBRORAUPLL P APPRAKZR Q¢
A/BRG-RaG< B/ "ARE RS A%
L fie e b %@ @r—ti [

,v,, Layers Panel & X
& e TV & - AO
' v [ B el_raso_output2k A
1
3.11995e+06
% Output GIS vector file b

2=y >

Toggles the editing state of the Coordinate | 330645,3523084 || scale [1:82626 | Rotation [0.0 ] Mrender @ epsaize: @

i Notice that now we have vector objects that have mean and variance
statistics for each of the 7 bands in the input images (0-6). Right click on the
Output GIS vector file in your QGIS session (“El_Paso_Segmented_4.shp” in
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reality) and click on Open Attribute Table. Verify that the values for label,
nbPixels, means, and variances have been populated for every band (column).

,/ Output GIS vector file :: Features total: 192678, filtered: 192678, selected: 0 — O =

! & | S b & EE q-:o D = _:,: + ?
label nbPixels meanB0 meanB1 meanB2 meank3 meanB4 meanBs

a 1 19718168 0.094608888030... 0.275439739227... 0.330502420663... 0.238587483763... 0.551012992358... 1.149394750

1 4 4103039 12602.39160156... 12572.40234375... 13067.26269531... 15758.64257812... 19901.46679687... 22304.12695

2 a3 24 13466.79199218... 13455.62500000... 13941,29133218... 16065.54199218... 19210.54101562... 23432.75000

3 85 20 13397.75000000... 13365.75000000... 13734.15039062... 15057.54980468.. 18709.05078125... 2371280073

a 103 15 13501.79980468... 13512.86621093... 14064.73339843... 16265.40079687... 19482.00640625... 2366719921

5 83 52 13616.05761718... 13660.50000000... 1424750000000... 16521.90429687.. 19873.71093750... 24201.30859

5 a0 36 14015.52734375... 14145.27734375... 14941.55566406... 17488.97265625... 21064.86132312... 25007 13867

7 331 14 14348.28013281... 14562.85742187... 15530.04257812... 18408.28515625... 22183.57220062.. 24282.57220

5 495 18 13097.22265625... 13005.77734375... 13243.72265625... 15007.833007381... 18390.38867187... 22302.33398

q 732 25 13546.75976562... 13596.59960937... 14216.04003906... 16417.11914062... 20588.88085937.. 23189.35937

10 852 12 12210.08300751... 11949.83300731... 12195.58300781... 13315.33300731... 20328.50000000... 19670.58393

11 1129 13 12309.46191400... 11958.46191406... 11835.61523437.. 12605.92285156... 17257.40093750... 17260.46093

12 1200 12 13577.58300781... 13529,.16699213... 138050.00099218.. 15815.83300731... 19057.58398437.. 20733.41601

13 1365 17 14553.76464843... 14677.52929687... 15295.35253906... 17505.64648437... 19835.64648437... 20095.47070

" 1261 193 13952.730465875... 14034.22265625... 14732.34179687... 17060.87500000... 20674.81250000... 228396.20703

15 1400 31 14671.54882812... 14775.25781250... 15427.48339843... 17306.19335937.. 21565.54882812... 21854.87109 o

£ >

T show All Features, =] EI

3.4.2 Preparation of reference data
For this step we will use training polygons vector data (“El_Paso_Training_poly.shp”) created as
sample polygons and used before during data exploration.

a. Join the training polygons class attribute with the image segments. Add vector dataset
“El_Paso_Training_poly.shp” to your QGIS Session (Add Vector Layer Icon in the left bar).
b. Go to the main menu in QGIS (top bar) Vector --> Data Management Tools --> Join
Attributes by Location.
i.  The Target vector file is the Output of step 1d (“El_Paso_Segmented_4.shp”).
ii.  Setthe Join vector layer as “El_Paso_Training_poly.shp”.
iii. Click on the three dots for Joined Layer, select “Save to File” and save as
“El_Paso_S_T lJoin.shp”.
iv. Leave the rest of the parameters with the default values and click Run.
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a Join attributes by location

Parameters | Log Run as batch process... | | Joip attributes by location

Target vector layer
C:/Users/Allison, Shaw /Documents/CMQ3 & LCPD Miguel Pavon/El_Paso_Segmented_4.shp  « || ... || @

Join vector layer

El_Paso_Training_poly_WGS84_LUTM_13N [EPSG:32613] >/ . || @
Geometric predicate
intersects touches
contains overlaps
disjoint within
equals rosses
Predision
0.000000 =

Attribute summary

Take atiributes of the first located feature -
Statistics for summary (comma separated) [optional]

mean
Joined table

Only keep matching records -
Joined layer

C: fUsersfallison, Shaw /Documents CMQ3 & LCPD Miguel Pavon/El_Paso_5_T_Join.shp

® Open output file after running algorithm

Missing parameter value: Geometric predicate

0%

Run Close

3.4.3 Object-based classification using SVM algorithm
a. Open the Orfeo Tool Box graphical Interface by searching for the 0SGeo4W Shell. In
Windows you can find it here: Start --> All Programs --> 0SGeo4W --> 0SGeo4W Shell.

05GeodW Shell - otbgui_ComputeOGRLayersFeaturesStatistics — O x
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b. Onthe command shell, type: otbgui_ComputeOGRLayersFeaturesStatistics, to open a new
Graphic User Interface (GUI).

B ComputeQGRLayersFeaturesStatistics - 5.0.0 — O >

Parameters Logs Progress Documentation

Mame of the input shapefile iEI_F‘asu:u_S_T_Ju:uin.shp |

¥ML file containing mean and variance of each feature, tEI_F‘asu:u_S_T_JDin.me |

nbpixels ”
meanbd
List of features to consider for statistics. meanb]
meanb2
W
e e |

[ ] Load oth application from xml file

[ ] save otb application to xml file

Mo process

i.  Click on the three dots by Name of the input fileand and navigate to
“El_Paso_S_T_Join.shp”.

ii.  Click on the three dots by XML file containing mean and variance of each feature and
type in “El_Paso_S T Join.xml".

iii. Select from the List of features to consider for statistics: meanb0, meanbl, meanb2,
meanb3, meanb4 meanb5 and meanb6.

iv. Click: Execute.

V. Notice a new xml file (“El_Paso_S_T_Join.xml”) was created with contents defining the

mean and standard deviation of each column considered in step 3.b.iii:
<?xml version="1.0"?>

<FeatureStatistics><Statistic name="mean"><StatisticVector
value="12233.5"/><StatisticVector value="11915.7"/><StatisticVector
value="12262"/><StatisticVector value="13163.8"/><StatisticVector
value="20137.1"/><StatisticVector value="18113"/><StatisticVector
value="15200.3"/></Statistic><Statistic name="stddev"><StatisticVector
value="1676.7"/><StatisticVector value="1970.47"/><StatisticVector
value="2305.63"/><StatisticVector value="3251.66"/><StatisticVector

41


file:///G:/Projects/Open_OOC_4_BCR/Landsat_8/prueba/El_Paso_S_T_Join.xml
file:///G:/Projects/Open_OOC_4_BCR/Landsat_8/prueba/El_Paso_S_T_Join.xml
file:///G:/Projects/Open_OOC_4_BCR/Landsat_8/prueba/El_Paso_S_T_Join.xml

Instructions for Open Source Object Oriented Classification

value="4175.49"/><StatisticVector value="3956.02"/><StatisticVector
value="4072.67"/></Statistic></FeatureStatistics>

vi. Repeat steps i.-iv. but changing “Name of the input shapefile” to
“El_Paso_Segmented_4.shp” and “XML file containing mean and variance of each
feature to “El_Paso_Segmented_4.xml” to calculate xml statistics using the same
parameters as before. When the green text “Ready to run” reappears, click “Execute”,
when done, click Quit.

B ComputeQGRLayersFeaturesStatistics - 5.0.0 — O x

Farameters Logs Progress Documentation

Mame of the input shapefile Iasu::_Segmentedj.shp”

¥ML file containing mean and variance of each feature, Iasc:_Segmented_4.me |

meanb3 A
meanb4d
List of features to consider for statistics. GrerlEE
meanbd

W

g 'y |

] Load oth application from xml file

[ ] save otb application to xml file

c. Onthe command shell, type: otbgui_TrainOGRLayersClassifier. A new GUI opens.

05GecdW Shell - O X

i.  Click on the three dots by Name of input shapefile and select “El_Paso_S_T_Join.shp”.
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ii.  Click on the three dots by XML file containing mean and variance of each feature and
select “El_Paso_S_T_Join.xml".

iii. Click on the three dots by Ouput model name and type: “El_Paso_S T Join.model.svm”.

iv. Select from the List of features to consider for classification: meanb0, meanb1,
meanb2, meanb3, meanb4 meanb5 and meanb6.

V. On the Field containing the class id for supervision, type the field with the numeric

value: “Id”.
B TrainOGRLayersClassifier - 5.0.0 — O *
Parameters Logs Progress Documentation

Mame of the input shapefile bEI_Pasu:u_S_T_Ju:uin.shp |

¥ML file containing mean and variance of each feature, tEI_Pasu:u_S_T_Jnin.me |

Cutput model filename. L_S_T_Jnin.mudel.svm |
meanb3 A
meankbd

List of features to consider for dassification. e
meanbb

W

Py |

Field containing the class id for supervision Id

[ ] Load oth application from xml file

[ ] save otb application to xml file

Mo process

vi. Click: Execute. After finished, click Quit.

vii. Notice there are notifications on the command shell and there is also a new model in
your directory called “El_Paso_S_T_Join.model.svm” which can be opened with
Notepad and should look something similar to:
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| EI_Paso_5_T_loin.model.svm - Notepad — Oa x

File Edit Format View Help

kvm_type C_SVC o
kernel type linear

nr_class &

total sv 118

rho -1.91128 -3.89791 -2.9823 -1.8581 -8.574891 -8.44488 -3.56953 0.631438 -8.154755 -
1.86383 1.19869 B8.513531 2.82539 0.496643 B.436799

label 346512

nr_sv 38 27 18 6 16 29

SV

.8785585632961241 @ 8 ©.87685585632961241 ©.8785585632961241 1:-8.26961966 2:-8.256738449
1-B.25279747 A4:-8.867684239 5:-1.1318672 6:-08.74745839 7:-8.44368516

8.2881804030260093 © @.8785505622961241 B@.87@5585632961241 1:-8.88775571 2:-0.9465878
:-1.1878985 4:-8.91377522 5:-1.8883441 6:-2.0532819 7:-1.7007676

.8785585632961241 8 8.8785505632961241 ©8.5155751139340982 ©.8705585632961241 1:1.1388742
:1.1746296 3:1.2581019 4:1.2692312 5:8.63154068 6:1.2275882 7:1.1586257

8 8 8 0.87549942189361806 1:-0.6438434 2:-0.410868277 3:-8.16256826 4:0.68057890583
:9.9986125 6:-8.78761268 7:-1.8938321

.8785585632961241 8 B8.4872095764884074 8 8 1:0.38519266 2:0.76212147 3:1.2737828
:1.7371412 5:1.2517987 6:2.271461 7:1.4416767

.8785585632961241 0 8 @ @ 1:9.876779001 2:8.16535613 3:0.23558713 4:0.35698317 5:-

R DN E RN D WO W®E

d. Onthe command shell, type: otbgui_OGRLayerClassifier. A new GUI opens.

05GecdW Shell - O ped

This application will apply a trained machine learning model on the selected features to get a
classification of each polygon contained in a layer. The list of features must match the list used for
training. The predicted land cover class is written for each geometry into a user-defined attribute field
which we have named “Predicted”.
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OGRLayerClassifier - 5.0.0 — O x
Parameters Logs Progress Documentation
Mame of the input shapefile Iasu_Segmented_4.shp |
¥ML file containing mean and variance of each feature, Iasc:_Segmented_4.me |
Input model filename, IJ_S_T_JDin.deEI.svm |
meanb3 A
meankbd
Features meanh3
imeanbf
W
v e b i
Field containing the predicted dass. predicted

[ ] Load oth application from xml file

[] save otb application to xml file

Mo process
i.  Click on the three dots for Name of input shapefile and use the output of the
segmentation: “El_Paso_Segmented_4.shp”.
ii.  Click on the three dots by XML file containing mean and variance of each feature and
select “El_Paso_Segmented_4.xml”.
iii.  Click on the three dots by Input model name and use “El_Paso_S T _Join.model.svm”.
iv. Select from the list of Features: meanb0, meanbl, meanb2, meanb3, meanb4 meanb5
and meanb6.
V. Use “predicted” for Field containing the predicted class
vi. Click: Execute. It should take a couple of minutes, after finished, click Quit.

e. Now you can open the resulting vector file in QGIS

Open a new QGIS session.

Add raster dataset “EL_Paso_L8_ 7B” to your QGIS Session (Add Raster Layer Icon '9
in the left bar).

Add vector dataset “El_Paso_Segmented_4.shp” to your QGIS Session (Add Vector
Va

Layer Icon in the left bar).
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iv. Right click “El_Paso_Segmented_4” and select Properties. Click on the Style menu in the
top left. Near the top, change from “Single symbol” to “Categorized.” For Column, scroll
down to select "predicted”.

v.  Click Classify, and the values under Symbol populate from 1-6 for the classes defined in
our training polygons (“El_Paso_Training_poly.shp”). IDs for classes are as follows: 1 for
water, 2 for developed, 3 for grass and agriculture, 4 for brushland, 5 for barren land
and 6 for forest. There is a 7™ symbol for other (unclassified) polygons. In the table, a
new field can be added to explicitly name the informational classes.

vi. Move the Layer transparency slider to the right and click Apply with trial and error until
it is transparent enough to see the imagery underneath it but not too transparent to tell
what color and therefore land cover class it is.

vii. Click OK.
# Layer Properties - E|_Paso_Segmented_4 | Style ? *
= Categorized -
Column 123 predicted ~| [
Symbol . 7 Change... color ramp | | I fsource] - Edit [ tnvert
G Labes Symbal Value Legend
EH Fields = ;_ ;_
- = ;
® o i —
B s L
. 1 - Classify Add Delete Delete all Advanced ¥

|ﬂ Diagrams

W Layer rendering

Layer transparency I
Layer blending mode Mormal ~ | Feature blending mode MNormal A
[] Draw effects

[ contral feature rendering order

Style - Cancel Apply Help

We can take now a look at the imagery.
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/ QGIS 2.14.6-Essen - Processing — O X
Project Edit View Layer Settings Plugins Vector Raster Database Web Processing Help ‘
DEBBLRX) %@@@ﬁ""ﬂp@}am Qx@ H-a-GEEY=-P% -0

A/ BRo- RO ESA|EEFE AN
v, h.ayersPanel - & X
C @eV&-BAL |
.
W s 5 x
@
R | | BH
Stop
@ 2
@ Criterion Length -
| o |
, 'I'|me[ |
] ] e |
il siren |
B Coordinate | 36748,3507430 IQ Scale |1190 425 v| Rotation [0.0 = E]IZRender ; © epsGi32613

And we can take a look at the classification on top of the imagery.

/ QGIS 2.14.6-Essen - Processing - (] X
Project Edit View Layer Semngs Plugins Vector Raster Datsbase Web Processing Help ‘
DEBR L&@ AL L ‘”‘ﬁ@@}am a6 -N-a-GEES=-05 - B
AI/BRo-R/&E<DE & =
ve il-aversPanel 8 x
L@ L3 ? E.; > ¥ ’?t Q
L3 :
3
4

R 5

6
«
% & B £L_raso_Ls_78
@
Q
N7
%

<«

<«

Coordinate 360508,3500477

3.4.4 Accuracy Assessment

It can be seen that our first pass at an Object Oriented Classification is not perfect--some agricultural
parcels were classified as forest. This can be helped with in-the--field ground truthing and better defined
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training polygons. Most classes were discernible and now, after this tutorial, you will feel adept at
performing Object Oriented Classification in QGIS. Once you are visually happy with the classification
results, a couple of steps may follow: dissolve contiguous polygons of the same class and perform an
accuracy assessment of your classification with the second set of polygons reserved for that
(“El_Paso_accu_A.shp”). Information and documentation about how to perform a number of ancillary
processes like how to digitize polygons, select a portion, project a shapefile, etc. can be found under the
documentation tab of qgis website: http://qgis.org/en/site/ .

To reduce the number of polygons, you may want to dissolve the polygons that are contiguous but have
not been merged before, this will create a smaller shapefile that will be easier to share.

a. You may find the dissolve tool on the top menu bar: Vector --> Geoprocessing Tools -->
Dissolve. Uncheck the box: “Dissolve all (do not use fields).” Select the “predicted” attribute as

your dissolve field, then click on' ~  to transfer it to the Selected box. Click on the three dots by
“Dissolved”, select “Save to File”, and name your output
“El_Paso_Segmented_4 dissolved.shp”.

To calculate the accuracy matrix, both the referenced polygons (“El_Paso_accu_A.shp”, using the “Id”
field”), and the resulting polygons from the classification (“El_Paso_Segmented_4.shp” or
“El_Paso_Segmented_4_dissolved.shp”, using the “predicted” field) need to be converted into images
(rasters). Accuracy assessment using completely vector products is not available at this time.

b. On the top menu bar find: Raster --> Conversion --> Rasterize (Vector to Raster)
Rasterize “El_Paso_accu_A.shp”, using the “Id” field into “El_Paso_accu_A.tif”, select horizontal
and vertical pixel sizes about the size of the landsat pixels used for the image input, about 30 m.
Click the checkmark to force the generation of an associated ESRI world file (.tfw) and click

“« ”

run—.

/' Rasterize (vector to raster) ? X
Parameters  Log Run as batch process. .| | Rasterize (vector to raster)
Tnput layer * | This algorithm is based on the GDAL gdal_rasterize

module,
El_Paso_Segmented_4 [EP5G:32613] - || 3
= For more info, see the module help
Attribute field
predicted -

Set output raster size {ignored if above option is checked)
Output resolution in map units per pixel -

Horizontal

[30.000000 =]|...

Vertical

[0.000000 Y |

Raster extent (xmin, xmax, ymin, ymax)

|:_ee ve blank to use min covering extent] |

Force the generation of an associated ESRI world file (. thw)
p Advanced parameters

Rasterized

| G:fProjects/Open_00C_4_BCR/Landsat_8/prueba/El_Paso_Segmented_4.tif

[ Open outout file after runnina alaorithm &7

0%

Run Close
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Since the “El_Paso_accu_A.tif”, has zeros as fillers, we don’t have a zero class, so we need to
conver zeros to “No_data”. On the top menu bar find: Raster --> Conversion --> Translate
(Convert format). Select “El_Paso_Accu_A.tif” as your Input Layer, name your Output layer as
“El_Paso_Accu_Ao0", select the check mark for “No data” and assign it a “0” as value for No-data
and click OK.

/' Translate (Convert format) ? *

[] Batch mode (for processing whole directory)

Input Layer | El_Paso_Accu_A - | Select...
Qutput file | El_Paso_Accu_Ao | Select...
[] Target SRS | EP5G:32513 Select...
[ outsize 259, o
No data 0 <

[] Expand Gray

|:| Srcwin

[ Priwin

[ sds

w [| Creation Options

Profile |Default

Mame value .

Validate

Help

Load into canvas when finished

gdal_translate -a_nodata 0 -of GTiff El_Paso_Accu_A
El_Paso_Accu_Ao

Rasterize “El_Paso_Segmented_4.shp” using the “predicted” field into
“El_Paso_Segmented_5.tif”, select horizontal and vertical pixel sizes about the size of the
landsat pixels used for the image input, about 30 m. Click the checkmark to force the generation
of an associated ESRI world file (.tfw) and click “run”. This stepmay take a longer time, since
there is more processing.

Find on the Processing Toolbox --> GRASS GIS & commands --> Raster -->r.kappa

Select layer containing the classification result “El_Paso_Segmented_4.tif” and the raster layer
from the accuracy assessment polygons “El_Paso_accu_A.tif”.

Give a name to the error matrix, like “EI_Paso_Error_Matrix.txt”

Then run r.kappa . This calculates the error matrix and kappa parameter for accuracy
assessment of classification result.
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Z rkappa - Calculate error matrix and kappa parameter for accuracy assessment of classification result, ? X

Parameters  Log  Help Run as batch process. ..

Raster layer containing dassification result

El_Paso_Segmented_5 [EPSG:32613] -
Raster layer containing reference dasses

El_Paso_Acou_Ao [EPSG:32613] -
Title for error matrix and kappa

|ACCURACY ASSESSMENT

[] Mo header in the report
[ wide report (132 columns)
GRASS GIS 7 region extent (xmin, xmax, ymin, ymax)

| [Leave blank to

S min Coverin

extent |

=}

Error matrix and kappa

| G:/Projects/Open_0O0OC_4 BCR/Deliverables/El_Paso_Accuracy_Matrix. txt | ==

0%

Kappa values for overall and each class are computed along with their variances. Also, percent of
commission and omission errors, total correct classified result by pixel counts, total area in pixel counts
and percentage of overall correctly classified pixels are tabulated. What does this all means? The Kappa
statistic (or value) is a metric that compares an Observed Accuracy with an Expected Accuracy (random
chance). According to Landis and Koch: kappa values of 0-0.20 can be considered as slight, 0.21-0.40 as
fair, 0.41-0.60 as moderate, 0.61-0.80 as substantial, and 0.81-1 as almost perfect, meanwhile other
authors like Fleiss consider kappas values > 0.75 as excellent, 0.40-0.75 as fair to good, and < 0.40 as
poor.

Classification error occurs when an object (or pixel in the case of supervised or unsupervised
classifications) belonging to one class (i.e. land cover) is assigned to another class. Errors of omission
occur when an object is left out of the class being evaluated; errors of commission occur when an object
is incorrectly included in the class being evaluated. An error of omission in one category will be counted
as an error in commission in another class.

Overall accuracy classifications over 70% are normally deemed acceptable, but much depends on the
purpose of it, if you want to compare land cover over time to see how well land conservation practices
are working, we need to minimize error, in this case a value above 85% accuracy in the classification is
preferred.
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The assessment report will be written to an output file which is in plain text format and named by user
at prompt while running the program. This report can then be brought into Excel or Open Office for

formatting if needed.

Sample of text file of the Accuacy Assessment El_Paso_Accuracy_Matrix.txt:

ACCURACY ASSESSMENT

LOCATION: temp location

MASK: none

MAPS: MAP1

MAP2

Error Matrix
Panel #1 of 2

Col Sum

NPy R

cat$ 1
1 144
531

o Ul WNDN
o

Panel #2 of 2

cat# 6
M 1 0
A 2 0
P 3 57
2 4 476
5 0
6 16
Col Sum 549

Cats % Commission

o Ul WNR

57.771261
17.181290
46.869859
31.420691
0.813008

91.623037

(untitled)

(untitled)

MAP1
2 3
147 50
2709 O
245 6136
0 0
2 0
0 175
3103 6361

MAP1
Row Sum
341
3271
11549
51482
246
191
67080

78.885630
12.697390
3.537180

12.535302
98.476809
97.085610

Mon May 08 22:08:05 2017

(tmpl1494299281396 in PERMANENT)

(tmp1494299281395 in PERMANENT)

4 5

0 0

0 31
5060 44
35306 15700
0 244

0 0

40366 16019

% Ommission

.416353
.819854
.482200
.211013
.989319
.076209

O O O O oo

Estimated Kappa

51



Instructions for Open Source Object Oriented Classification

Kappa Kappa Variance
0.352544 0.000013

Obs Correct Total Obs % Observed Correct
44555 67080 66.420692

MAP1 Category Description
: Water

Developed
Grass-Agro
Brushland

Barren land

Forest

o Ul WNR

MAP2 Category Description
: Water

Developed
Grass-Agro
Brushland

Barren land

Forest

oo Ul WD R

As you can see with the synthetic data used in this tutorial for training polygons and accuracy
assessment polygons, the Kappa value calculated overall is .35 and the Classification Accuracy is 66%.
Both values are a little under what we would like as a minimum. With field-verified data from around
the time of the image collection, your kappa values and classification accuracy will be better that the
ones shown in this tutorial. Hopefully that conveys the point across about the importance of field
verified ground-truthing.

If the results of your classification are not what you want, you can omit training polygons and accuracy
polygons with low certainty or with mixed classes. Additional measures can be to adjust parameters as
the spatial radius (pixels) and range radius (radiometric) to smaller values to get smaller segments
(objects) and facilitate their classification.

For additional help or information on classifications, OTB or QGIS, please keep the online help as
reference:

e https://www.orfeo-toolbox.org/documentation/

e https://www.qgis.org/en/site/forusers/index.html

Additional help may be provided by contacting Miguel Pavon at pavonma@hotmail.com or (512) 466-
3936.

52


https://www.orfeo-toolbox.org/documentation/
https://www.qgis.org/en/site/forusers/index.html
mailto:pavonma@hotmail.com

